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[57] ABSTRACT

The subject invention is an apparatus and method for
cooling an electronic device. The apparatus comprises a
vessel having upper and lower regions and inlet means
for delivering a flow of cooling fluid to the upper re-
gion. The apparatus also includes means for positioning
the device within the lower region but above the bot-
tom of the vessel, and divider means within the vessel
disposed between the flow and the device.

21 Claims, 3 Drawing Sheets
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APPARATUS AND METHOD FOR COOLING AN
ELECTRONIC DEVICE

The present invention relates to an apparatus and

method for cryogenically cooling an electronic device.

BACKGROUND OF THE INVENTION

It is well known that the performance of some elec-
tronic devices can be improved by cooling them to
cryogenic temperatures. Typically, such cooling can be
achieved by the use of a cryogenic fluid such as liquid
or gaseous Nitrogen or Helium. One way of implement-
ing cryogenic cooling is to immerse the electronic de-
vice in the fluid. However, an electronic device can be
damaged by the thermal shock resulting from too rap-
idly cooling the device.

OBJECTS OF THE INVENTION

It is therefor an object of the present invention to
provide a new and improved apparatus and method for
cooling an electronic device.

It is another object of the present to provide an appa-
ratus and method for preventing thermal shock damage
to an electronic device by gradual cooling of the device.

It is a further object of the present invention to pro-
vide a relatively simple and inexpensive means of con-
trolling the rate of cooling of an electronic device.

SUMMARY OF THE INVENTION

The present invention is an apparatus and method for
cooling an electronic device. The apparatus comprises a
vessel having upper and lower regions and inlet means
for delivering a flow of cooling fluid to the upper re-
gion. The apparatus also includes means for positioning
the device within the lower region but above the bot-
tom of the vessel, and divider means within the vessel
disposed between the flow and the device.

The method comprises the steps of providing a vessel
with first, second and third regions, positioning the
device within the third region, and sequentially deliver-
ing cooling flmid to, and holding the fluid in, the first,
second and third regions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional side view of an apparatus
according to one form of the present invention.
FIG. 2 1s a cross sectional top view of the apparatus

of FIG. 1.
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FIGS. 3-5 are schematic views of the apparatus of 50

FIG. 1 illustrating the operation of the present inven-
tion. |

FIG. 6 is a cross sectional side view of an apparatus
according to an alternative form of the present inven-
tion.

- DETAIL DESCRIPTION OF THE INVENTION

FIG. 1 shows an apparatus 10 for cooling an elec-
tronic device, in the form of an integrated circuit 12,
according to one embodiment of the present invention.
Apparatus 10 inciudes a vessel 14 having an upper re-
gion 16 and a lower region 18. Vessel 14 is preferably
insulated for purposes of holding a cryogenic fluid such
as liquid Nitrogen or liquid Helium. A flow 20 of this
fluid is delivered to upper region 16 of vessel 14 by inlet
means 22 which also removes evaporated fluid. Inlet
means 22 comprises an inner tube 24 and an outer tube
26. Tubes 24 and 26 are concentrically positioned with
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inner tube 24 delivering the fluid to upper region 16 and
outer tube 26 removing the evaporated fluid therefrom.
U.S. Pat. No. 4,745,760, incorporated herein by refer-
ence, shows a cryogenic fluid transfer conduit which
may be adapted for use as an inlet means for the present
invention.

Integrated circuit 12 1s positioned within lower re-
gion 18 and above the bottom 28 of vessel 14 by means
of a socket 30. Integrated circuit 12 1s electrically con-
nected to socket 30 which provides electrical connec-
tions (not shown) that extend through vessel 14. Lower
region 18 1s divided into two regions: a first region 18a
adjacent to bottom 28 and below integrated circuit 12,
and a second region 18b above region 18a. Integrated
circuit 12 is located within second region 18b. Divider
means 32 is located within vessel 14 and between upper
region 16 and lower region 18. As will be discussed
more fully hereinafter, divider means 32 is disposed
between the cooling fluid flow 20 and integrated circuit
12. Divider means 32 is shaped to capture a portion of
the cooling fluid as it enters upper region 16 of vessel 14
through inner tube 24. More specifically, divider means
32 is conically shaped with its concave side 34 facing
upper region 16.

Apparatus 10 also includes overflow means in the
form of a plurality of tubes 36 (see also FIG. 2) which
extend through divider means 32 from upper region 16
to lower region 18. As will be discussed more fully -
hereinafter, tubes 36 transfer cooling fluid from upper
region 16 to lower region 18. Tubes 36 are located on
the periphery of divider means 32 proximate the inner
side wall 38 of vessel 14. The orientation of tubes 36 1s
such that the flow 40 of cooling fluid passing there-
through is directed away from integrated circuit 12 and
into first region 18a. |

Relief means in the form of tubes 42 extend through
divider means 32 from lower region 18 to upper region
16. The gas of fluid evaporated within lower region 18
may thereby be transferred to upper region 16. The
lower end 44 of tube 42 is located near the top of lower
region 18 so as to avoid the evaporated fluid from being
trapped in lower region 18. As shown, tubes 42 are
interspersed with tubes 36 on the periphery of divider
means 32. In a preferred embodiment, there are three
tubes 42 for every one tube 36 in order to provide suffi-
cient openings for the evacuation of gas from lower
region 18.

The operation of the invention is shown in the sche-
matic views of FIGS. 3-5. Initially, no cooling fluid is in
vessel 14 and integrated circuit 12 is at ambient temper-
ature. Fluid is delivered first to upper region 16 where
it is captured by, held by, and cools divider means 32
(FIG. 3). The evaporated fluid i1s removed by outer tube
26 of inlet means 22. As divider means 32 is cooled the
entire interior of vessel 14 including integrated circuit
12 is gradually cooled. At this stage, divider means 32
prevents integrated circuit 12 from direct contact with
the cooling flow 20 which might otherwise damage
integrated circuit 12 through too rapid cooling.

As the holding capacity of divider means 32 is ex-
ceeded, the overflow is delivered to first region 18a of
lower region 18 through tubes 36 (FIG. 4). Tubes 36 are
oriented so that flow 40 is directed away from and does
not strike integrated circuit 12 as it starts to fill up first
region 18a. In this manner, the cooling of the interior of
vessel 14 including integrated circuit 12 continues but
without direct contact of integrated circuit 12 by the
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cooling fluid. The evaporated fluid escapes through

tubes 42 and inlet means 22.

As more cooling fluid enters vessel 14, its level in
region 18q rises until it is delivered into region 185
where for the first time it contacts integrated circuit
chip 12 directly (FIG. §). At this point, integrated cir-
cuit 12 has been sufficiently cooled so that the thermal
shock of direct contact is eliminated or at least reduced
to the point where no damage results. Thus, by sequen-
tially delivering cooling fluid to, and holding the fluid
in, regions 16, 18z and 185, integrated circuit 12 is grad-
ually cooled. Tubes 42 still provide an escape for fluid
evaporating within lower region 18, and in conjunction
with inlet means 22 remove evaporated fluid from ves-
sel 14.

The cooling rate of integrated circuit 12 depends
both on the configuration of elements shown and de-
scribed herein as well as the rate at which cooling fluid
enters vessel 14. Accordingly, a valve 46 (see FIG. 1)
may be positioned within inner tube 24 to control the
rate at which fluid is delivered to vessel 14.

FI1G. 6 shows an alternative embodiment of the pres-
ent invention with like numbers representing similar
parts to those shown i FIG. 1. A principle difference
between the FIG. 6 and FIG. 1 embodiments resides in
the support means 50 for positioning divider means 32
between upper region 16 and lower region 18. Support
means 50 includes a wall 52 which surrounds integrated
circuit 12 and extends from vessel bottom 28 into upper
region 16 where it forms a parapet 60. Wall 52 is at-
tached to the periphery of divider means 32. Wall 52 is
spaced mwardly from inner side wall 38 of vessel 14
thereby forming a channel 54 therebetween. A plurality
of spaced apart lower openings 56 proximate bottom 28
extend through wall 5§2. Similarly, a plurality of spaced
apart upper openings 58 proximate but below divider
means 32 extend through wall 52. Parapet 60 includes a
plurality of semicircular scooped out regions 62 which
provide flowpaths for the overflow of fluid from region
16 into channel 54. In a preferred embodiment, notches
62 are offset from upper openings 58 to prevent prema-
ture contact between the cooling fluid and integrated
circuit 12.

The operation of the FIG. 6 embodiment is similar to
that described with respect to FIGS. 3-5. Fluid is ini-
tially delivered to upper region 16 where it is captured
by and cools divider means 32. As the capacity of di-
vider means 32 is exceed, the overflow spills through
scooped out regions 62 into channel 54. Wall 52 pre-
vents the overflow from splashing integrated circuit 12
while lower openings 56 allow the cooling fluid to fill
up the first region 18a of lower region 18. Fluid contin-
ues to be added to vessel 14 until its contents are im-
mersed. Upper openings 58 allow evaporated fluid to
escape the confines of support means 50 and divider
means 32 into upper region 16.

It will be clear to those skilled in the art that the
present invention is not limited to the specific embodi-
ments disclosed and illustrated herein. It will be under-
stood that the dimensions and proportional and struc-
tural relationships shown in the drawings are illustrated
by way of example only and these illustrations are not to
be taken as the actual dimensions or proportional struc-
tural relationships used in the apparatus for cooling an
electronic device of the present invention.

Numerous modifications, variations, and full and
partial equivalents can be undertaken without departing
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from the invention as limited only be the spirit and
scope of the appended claims.
What is desired to be secured by Letters Patent of the
United States i1s as follows:
1. An apparatus for cooling an electronic device com-
prising:
a vessel having upper and lower regions;
inlet means for delivering a flow of cooling fluid to
said upper region;
means for positioning said device within said lower
region and above the bottom of said vessel:

divider means within said vessel disposed between
said flow and said device; and

overflow means transferring fluid from said upper to
said lower region such that the overflow means
prevents fluid from directly contacting the elec-
tronic device.

2. The apparatus of claim 1 wherein said divider

means 1s located between said upper and lower regions.

3. The apparatus of claim 2 wherein said divider
means 1S shaped to capture a portion of said fluid.

4. The apparatus of claim 3 wherein said divider
means 15 conically shaped.

5. The apparatus of claim 1 wherein said overflow
means Includes a plurality of first tubes extending
through said divider means from said upper to said
lower region.

6. The apparatus of claim 5 wherein said first tubes
are located generally on the periphery of said divider
means. |

7. The apparatus of claim 1 further comprising:

relief means for the transfer of evaporated fluid from
said lower to said upper region;

whereimn said inlet means includes means for remov-
ing said evaporated fluid from said upper region.

8. The apparatus of claim 7 wherein said relief means
includes a plurality of second tubes extending through
said divider means from said lower to said upper region.

9. The apparatus of claim 7 wherein said inlet means
comprises two concentrically positioned inner and
outer tubes with the inner tube delivering said fluid and
the outer tube removing said evaporated fluid.

10. The apparatus of claim 1 further comprising:

a valve for controlling the rate at which said inlet
means delivers said flow of cooling fluid to said
upper region..

11. The apparatus of claim 9 further comprising:

a valve for controlling the rate at which said inlet
means delivers said flow of cooling fluid to said
upper region, wherein said valve is positioned
within said inner tube.

12. An apparatus for cooling an electronic device

comprising:

a vessel having upper and lower regions;

inlet means for delivering a flow of cooling fluid to
said upper region and for removing evaporated
fluid therefrom;

means for positioning said device within said lower
region and above the bottom of said vessel;

divider means within said vessel located between said
first and second regions and disposed between said
flow means and said device;

overflow means for transferring fluid from said upper
to said lower region, wherein said overflow means
includes a plurality of first tubes extending through
said divider means from said upper to said lower
region and oriented so that the flow of fluid passing
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therethrough is directed away from said device;
and |
relief means for the transfer of evaporated fluid from

said lower to said upper region.
13. The apparatus of claim 12 wherein said divider

means is conically shaped to capture a portion of said

fluid.
14. The apparatus of claim 13 wherein said first tubes

are located generally on the periphery of said divider
means, and wherein said relief means inciudes a plural-

10

ity of second tubes extending through said divider

means from said lower to said upper region.

15. The apparatus of claim 14 wherein said inlet
means comprises two concentrically positioned inner
and outer tubes with the inner tube delivering said fluid
and the outer tube removing said evaporated fiuid.

16. The apparatus of claim 15 further comprising:

a valve for controlling the rate at which said inlet

means delivers said flow of cooling fluid to said
upper region.
17. The apparatus of claim 1 further comprising:
support means positioning said divider means be-

tween said upper and lower regions.
18. The apparatus of claim 17 wherein satd divider

means is shaped to capture a portion of said fluid and
wherein said support means includes a wall surrounding
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said electronic device and extending from said bottom
of said vessel into said upper region and being attached
to the periphery of said divider means, wherein said
wall is spaced inwardly from the side wall of said vessel
thereby forming a channel therebetween.

19. The apparatus of claim 18 wherein said wall in-
cludes a plurality of spaced apart lower openings proxi-
mate said bottom of said vessel and a plurality of spaced
apart upper openings proximate but below said divider
means.

20. A method for gradually cooling an electronic
device comprising:

providing a vessel with first, second and third re-

gions;

providing inlet means for delivering cooling fluid to

said first region;
positioning said device within said third region above

the bottom of the vessel;
providing divider means within said vessel between
satd inlet means and said device; and
sequentially delivering cooling fluid to, and holding
sald fluid in, said first, second and third regions.
21. The method of claim 20 further comprising the
step of:

removing evaporated fluid from said vessel.
¥ %* X %x %



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

DATED . September 12, 1989

INVENTOR(S) : warren W. Porter

It is certified that error appears in the ab ove-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 4, line 13, add the word --inlet-- after the word said
and before the word flow.

Column 4, line 13, add the word --means-- after the word flow.

Column 4, line 63, add +rhe word --inlet-- before the word
flow.

Signed and Sealed this
Fifth Day of May, 1992

Attest:

DOUGLAS B. COMER

e ——

Attesting Officer Acting Commissioner of Patents and Trademarks
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